INTRODUCTION
The antimuscarinic drug, tolterodine tartarate (TL), is chemically (R)-N,N-diisopropyl-3-(2-hydroxy-5-methylphenyl)-3-phenylpropanamine L-hydrogen tartarate, and is used to treat urinary incontinence [1] . It is the drug of choice for the treatment of urinary incontinence, which has a high potency to selectively bind with the cholinergic muscarinic receptors that mediates contraction there by in controls the hyperactive the urinary bladder and prevent the frequent urinations [2] [3] [4] .
The methods reported in the literature for its determination either in biological matrix or in pharmaceutical formulations are ultra violet (UV) and visible spectrophotometric methods [5] [6] [7] [8] [9] , High Performeance Liquid Chromatography (HPLC) [10, 14] , Ultra High performance liquid chromatography (UPLC) [14] and potentiometric determinations using ion selective electrodes [15] . Even though, the regular methods such as HPLC and liquid chromatography-electron spray tandem mass spectrophotmetry (LC-MS/MS) are more accurate in estimating the drug in nanogram level but they need complex sample treatment, expensive solvents and instruments, and reagents for analysis. Though, the UV methods are simpler to consider for estimating drug its sensitivity is poor because of UV absorbing solvents or the excipients used in formulations. Among the colorimetric methods of estimation, the extractive colorimetric methods use simple reagent and non hazardous reaction conditions this makes them very easy to handle for the routine analysis of the target. In extractive colorimetric methods, the dyes commonly used are methyl orange (MO), bromocresol green (BCG), phenol red (PR), tropaeolineo-oo (TP) [16] [17] [18] .
From literature survey we found that none of the methods has been reported for the determination TL using tropaeolineo-oo1 (TO) as an ion pairing reagent. Hence, in this study we aimed to develop an extractive colorimetric procedure using tropaeolineo-oo1 (TO) The main aim of the present report was to establish a simple, accurate, precise and validated extractive colorimetric method for the determination of tolterodine.
EXPERIMENTAL Chemicals
Standard tolterodine tartarate was obtained from Sigma Aldrich, Germany and tropaeolineo-oo1 (TP) was procured form TCI chemicals, Korea. All other chemicals of analytical reagent grade were purchased from Daejung Chemicals & Metals, Gyeonggi-do, South Korea. Double distilled water was used to prepare all solutions. Freshly prepared solutions were used for method development and validation. Tablets containing 4 mg TL were purchased from a retail pharmacy.
Instrumentation

A
Shimadzu UV mini-1240 UV-Visible spectrophotometer was used for all spectral measurements with Shimadzu UV Probe system software (version 2.1) and SCINCO, Neosys-2000 DRS-UV provided with liquid sample handling accessories.
Preparation of stock solution of TL
A stock solution of 1 mg mL -1 was prepared by dissolving an accurate quantity of TL in water and then the final volume was made up to the mark with water. Working standards were prepared by suitably diluting the above standard stock solution.
Sample preparation
From the 100 µg mL -1 working standard solution, aliquots were transferred in to a series of 100 mL separating funnels then add 2 mL aqueous solution of 0.2 % w/v TO reagent shaken well then add 6 mL of 0.1 M HCl mixed well for complete reaction. To extract the complex thus formed 10 mL of chloroform was added, shaken well and kept aside for few minutes to aid complete separation of two layers. To remove the water in the organic layer it was passed through anhydrous sodium sulphate (previously dried) in a funnel plugged with cotton wool.
λ-max and linearity determination
Full scan absorption spectrum of the orange red TL-TO ion-pair complex was obtained by scanning the chloroform layer of the chromogen from 400 -800 nm against a reagent blank prepared by the same procedure by omitting the drug. To determine Beer's law limit, a calibration curve was constructed by plotting absorbance against concentrations from 1-30 μg mL -1
Method validation
For the method optimization was carried out to determine the rapid and quantitative formation of complexes by a number of preliminary experiments. USP [19] and ICH [20] guidelines were followed for method validation. From the trials, 0.1 M HCl was found to be suitable to form the complex by the liberation of free dye and drug from their salts this makes them to form ion pair here the use of buffer was avoided because the acid buffers may contains the Na + or K + ion which may cause the decrease the dissociation of dye form its salts. Chloroform was chosen as better choice of solvent for extraction among carbon tetrachloride, dichloromethane and diethyl ether. A volume of 2 mL of TO (0.2 % w/v) was found to be optimum to complete the complexation this was discussed in the latter section on effect of MO concentration.
LOD and LOQ
The limit of detection (LOD) is the lowest possible amount of drug that is detectable by the method, LOD was determined by using the following formula LOD = ĸ σ a/b where constant ĸ = 3, 'σ' is the standard deviation with intercept (a) and slope (b) . The limit of quantitation (LOQ) is the lowest possible amount of the drug that is possible to estimate by the proposed method this can be established using following formula: LOQ = ĸ σ a/b, where ĸ = 10 σ is the standard deviation with intercept (a) and slope (b).
Method precision
The precision of an analytical procedure expresses the closeness of agreement between a series of measurements obtained from multiple sampling of the homogeneous sample under the prescribed conditions. This can be expressed in two terms first one is intra-day precision, was calculated from results obtained after a fivefold replicate analysis of sample on the same day. Second is inter-day precision, was calculated from the results obtained from the same sample which was analyzed on five consecutive days.
Accuracy of the method
Accuracy of the method is the degree of agreement between the value obtained by the method and the true value. In general this can be established by conducting recovery studies by adding a definite amount of pure drug to a preanalyzed sample and analyzes the mixed sample by the proposed procedure.
Application of the method to formulations
Twenty tablets were weighed and powdered. The average weight of each tablet was calculated. A quantity of powder required for specific dilution was accurately weighed and transferred into a volumetric flask. The contents of the flask were dissolved in water and the final volume was made up to the mark with water and filtered through a Whatman filter paper No. 40. Convenient aliquots from this solution were taken for the assay of TL.
Study of interference and placebo study
Interference studied by mixing known amount of TL (10 mg) with specified amounts of the common excipients such as magnesium steartae, starch and talc in their recommended percentages [19] . The analysis of these mixed samples was carried out by the proposed procedure explained under sample preparation from the results the recovery values for TL was calculated. Blank placebo was also prepared for comparison and the same procedure was followed.
Robustness and ruggedness
Robustness is study of effect of deliberate changes on the analytical methods. This was studied by estimating the assay of TL in tablet by making slight changes in wavelength of estimation and dye's concentration. Ruggedness is expressed by the degree of reproducibility of the test results obtained under different regular test conditions such as inter personal variation in analysis and inter instrument variations.
Stability of the chromogen
The formed chromogen should be stable for a minimum period of time i.e form the time of extraction to time of estimation. To study the stability of chromogen, specified quantity of stock solution of TL was mixed with optimized quantity of 0.1 HCl and TO and kept aside for reaction and extracted with chloroform. Absorbance of the extracted chromogen was taken at various time intervals.
Statistical analysis
All the statistical analysis such as statdard deviation, correlation co-efficiennt and 't-test' at 95 % confidence level were performed using Origin Pro software version 8 (Origin lab Corporation, MA 01060, USA).
RESULTS
Maximum absorbance
Absorption spectrum of the yellow TL-MO ionpair complex was obtained by the full scanning the chloroform extracted orange red chromogen from 400-800 nm. The results of overlay spectra of the chromogen of the sample were depicted in Fig. 1 . Maximum absorbance (λ-max) was noted at 503 nm, and this was used throughout the method development and validation. 
Validation data
To make the method to be adoptable for routine analysis of the TL, method optimization was carried out by a number of preliminary experiments to determine quantitative formation of colored ion-pair complexes. From the trials it was noted that the formation of color required only 6 ml of 0.1 M HCl to dissociate the drug and dye from their respective salts. In case of solvent suitability for extraction, various solvents were tested and chloroform was found to be most suitable.
Linearity and range
Beer's law standard plot was constructed by plotting the absorbance of chromogen against its concentrations (μg mL (1) where A is the absorbance at 503 nm, x is the concentration of TL in μg mL -1 and r is the correlation coefficient. Other optical characteristics are presented in Table 1 . 
Structure and composition of chromogen
Cationic tertiary nitrogen of TL and anionic azo dye TO forms an orange red complex easily in acid media. The slope ratio method was used to establish drug-dye stoichiometric and it was found the TO and TL for a 1:1 association complex. The formed TL-TO act like a single unit complex, held together by an electrostatic force of attraction ions Fig. 2 . 
LOD and LOQ
The LOD and LOQ were 0.08 and 1 μg mL -1 respectively. The low values indicate the high sensitivity of the proposed method further the values were comparable with already reported method [5] .
Application of the proposed method
The mean recovery for the bulk drug was estimated to be 98.88 ± 0.45 % this proves the suitability of the method towards the estimation of bulk drug. For the application of the proposed method to formulation the marketed tablets were subjected to the analysis for the assay of TL by the proposed method and reported UV spectrophotometric method reported by Shetty and Shah [5] . From test conducted about 99.97 and 99.97 % assay was resulted with the proposed and existed method ( Table 2) . While comparing the methods with that of reference method by statistical analysis using student t-test and F-test at 95 % confidence level, they proved that results obtained by both the methods were identical and showed that there was no significant difference at 95 % confidence level.
Precision of the method (repeatability)
The results obtained for the precision of the method were presented in Table 3 . The percentage relative standard deviation (% RSD) for inter, intra-day precision was about 0.958 and 0.995 respectively which was very low and within the acceptance limits for precision experiments (< 2 %), evidencing good repeatability (precision) of the method.
Accuracy of the method (reproducibility)
The recovery executed at three levels (50, 75, and 100 % to the content of the TL in tablet were resulted with 0.92-1.02 % (% RSD) for TL and the same was presented in the Table. 3. The above % RSD was found within the acceptance limit for accuracy of < 2 % RSD this good accuracy of the purposed method.
TO concentration, quantity and stability
The effect of concentration of TO was studied measuring the absorbance of solutions containing TL (10 μg mL -1 ), and 2 mL of TO solution at various concentration (0.1 -0.3 % wt/v). The results are portrayed in Fig. 3(a) . As TO concentration of 0.2 % wt/v gave a maximum absorbance raise in concentration above stated in literature will not have much effect on absorbance. Hence, 0.2 % wt/v TO was chosen as the optimum concentration sufficient to produce measurable color intensity. Likewise the amount of TO (mL) required to obtain effective complexation was studied by adding the above optimized TO (0.2 % wt/v) and varying the quantity added (1-3 mL) at fixed drug concentration (15 μg mL-1) Fig. 3(b) . From the results it was found that 2 mL of 0.2 % wt/v TO is sufficient to make complex. Then the absorbance of the chromogen from the time of extraction (considered as 0 min) to various time intervals were determined and the results were plotted against time vs. absorbance (Fig. 3(c) ). The plot shows that the chromogen was stable more than 2 h.
Study of interference and placebo study
The studied excipients do not cause any interference in the estimation of the drug (Table  4) . Likewise the placebo mixture of above excipients was prepared without the drug and studied at the wavelength of estimation for to determining any absorbance for the chloroform extractable material present in the placebo mixture. Absence of orange red color in the extract revealed the selectivity of the present method for the analyte of interest. 
Robustness and ruggedness
The results of robustness by changing the wavelength of estimation and change in TO concentration obtained were within the suggested limits for % RSD (< 2 %) given in the analytical method validation guidelines (Table 5) . Ruggedness was established by determining TL in the tablet formulation using two different spectrophotometers and two different analysts (I and II). The results obtained are within the recommended % RSD limit (< 2 %).
DISCUSSION
The positively charged quaternary amine of the azo dye TO formed an ion-association complex with negatively charged TL. These oppositely charged TL and TO ions formed a single ion pair of TL-TO complex by electrostatic force of attraction.
The absorbance of the complex obeyed Beer's law over the range 1 -30 µg/mL with a correlation coefficient of 0.9945. Recovery and precision of the method are also comparable to those of previously reported methods for the drug [5] [6] [7] [8] .
CONCLUSION
The proposed ion-association extractive colorimetric estimation of tolterodine tartrate (TL) in bulk and in formulation using tropaeolin OOO-1 as chromogenic agent is sensitive, specific (selective), rapid and cost effective. Since the proposed method makes use of simple reagents in low concentrations the method should more cost-effective than other sophisticated methods. Thus, this method is suitable for routine determination of tolterodine tartrate in bulk and in its formulations.
